Clostridium intestinalis sp. nov. is described on the basis of five strains isolated from the feces of cattle and pigs. The isolates are aerotolerant, gram-positive, sporeforming, motile rods. They differ from all the validly described aerotolerant species of the genus Clostridium by carbohydrate fermentation pattern, guanineplus-cytosine content of the deoxyribonucleic acid, and deoxyribonucleic acid homologies. The fermentation products from peptone-yeast extract-Fildes solution-1 % (wthol) glucose broth are major amounts of acetic and butyric acids. The guanine-plus-cytosine content of the deoxyribonucleic acid is 26 to 28 mol%. The type strain of Clostridium intestinalis is Catt39 (= ATCC 49213 and JCM 7506).
During quantitative and qualitative studies of the fecal flora of cattle and pigs, five strains of aerotolerant, grampositive, sporeforming, motile rods were isolated. On the basis of the biochemical and nucleic acid analyses, the isolates were found to be sufficiently different from previously described aerotolerant Clostridium species to warrant description as a new species, for which the name Clostridium intestinalis sp. nov. is proposed.
MATERIALS AND METHODS
Bacterial strains. Eleven strains were studied. Five of these were isolated from the feces of apparently healthy cattle (n = 4) and a pig (n = 1). Clostridium carnis ATCC 25777T, C . hutyricum ATCC 1939ST, C. tertium JCM 7289T, C. absonum JCM 1381T, C. barati JCM 1385T, and C . paraputrijkum JCM 1293T were also included in this study.
Isolation and culture technique. Feces were emulsified in anaerobic buffer solution and heated at 75°C for 10 min in a water bath. Serial 10-fold dilutions were plated onto four nonselective media: modified Eggerth-Gagnon (EG) agar (S), glucose-blood-liver agar (8) , egg yolk agar (3), and Trypticase soy-blood agar (BBL Microbiology Systems, Cockeysville, Md.). EG, glucose-blood-liver and egg yolk agar plates were incubated at 37°C for 48 h in an anaerobic steel wool jar (9) filled with 100% CO, gas, while Trypticase soy-blood agar plates were incubated aerobically at 37°C for 24 h. To exclude the genus Bacillus, we transferred all colony types from EG, glucose-blood-liver, and egg yolk agar plates to two EG agar plates and incubated them aerobically and anaerobically (one plate each). Thereafter, aerotolerant strains which grew well under anaerobic conditions but weakly under aerobic conditions were selected and examined for colony morphology, Gram reaction, spore formation, and cell morphology. The strains were stored on prereduced EG-liver extract-Fildes solution slants (8) at 4°C.
Cultural and biochemical tests. The methods for cultural and biochemical characterization of the strains tested have been described previously (5) . For fermentation tests, the pH after 7 days of incubation was measured with a glass electrode (13). Esculin and starch hydrolysis, H,S forma--* Corresponding author. tion, gelatin liquefaction, and lecithinase, catalase, and lipase production were tested by the methods described by Holdeman et al. (3) . Formation of gas was detected in peptone-yeast extract-Fildes solution supplemented with 1% (wthol) glucose and 1.5% (wt/vol) Bacto agar (Difco Laboratories, Detroit, Mich.) (PYFG agar). Indole production and nitrate reduction were determined with indole nitrate medium (BBL). Volatile and nonvolatile fatty acids produced from peptone-yeast extract-Fildes solution supplemented with 1% (wt/vol) glucose (PYFG broth) were analyzed by the methods of Kaneuchi et al. (5) .
Guanine (10). The guanine-plus-cytosine content of the DNA was determined by the method of Marmur and Doty from thermal melting data (7) . DNA homology. DNA homology studies were performed by the S1 nuclease procedure as described by Johnson et al.
(4). S1 nuclease digestions were conducted with 0.5 U of S1 nuclease (Tokyo Kasei Ltd., Tokyo, Japan). After incubation for 15 min at 37"C, the remaining double-stranded DNA segments were precipitated with cold 10% trichloracetic acid and collected on membrane filters (type HA; Millipore Corp., Bedford, Mass.). The membranes were dried, and the radioactivity was measured in toluene-based scintillation fluid with a liquid scintillation counter (model 3330; Packard Instrument Co., Inc., Rockville, Md.).
RESULTS AND DISCUSSION
Cells of C. intestinalis are shown in Fig. lb . After anaerobic incubation for 2 days, surface colonies on EG agar plates were 2 to 4 mm in diameter, circular, raised, undulate, rough, translucent, grayish white, and hemolytic ( Fig. la) . Spores were detected. After aerobic incubation for 3 days, surface colonies on EG agar plates were 1 to 1.5 mm in diameter, circular, convex, undulate, smooth, and yellowish white. No spores were detected. On this basis, these strains were identified as aerotolerant members of the genus Clostridium.
The DNA base compositions of these strains were 26 to 28 mol%, and the DNAs were highly homologous to each other. The DNAs of other aerotolerant Clostridium species had little or no homology with the DNAs of the isolated strains (Table 1 ). The genetic data and biochemical and physiological differences clearly indicate that the isolates represent a new species, for which we propose the name C. intestinalis.
Description of Clostridium intestinalis sp. nov. Clostridium intestinalis (in.test.in.al' is. M.L. adj. intestinalis, pertaining to the intestine).
Cells in broth cultures are gram positive, motile, peritrichous, sporeforming, aerotolerant, straight or slightly curved rods (0.3 to 0.4 by 1.4 to 5.4 pm) that occur singly, in pairs, or occasionally in short chains. Spores are large, terminal, slightly oval, and 0.9 to 1.1 by 1.5 to 2.0 pm in size (Fig. lb) .
Although optimal growth is achieved by incubation under anaerobic conditions, the species is aerotolerant and grows on the surface of EG agar incubated in air at 37°C for 3 days. Spores are formed readily in most media under anaerobic conditions but not under aerobic conditions.
Colonies on the surface of EG agar incubated anaerobically are 2 to 4 mm in diameter, circular, convex, undulate, rough, translucent, grayish white, and beta-hemolytic ( Fig.  la) . Surface colonies after aerobic incubation are 1 mm in diameter, circular with entire edges, convex, smooth, translucent, and yellowish white. Catalase negative. Cultures in PYFG broth grow well and are turbid, with a smooth, ropy, or flocculent sediment. The optimum temperature for growth is 37°C.
Abundant gas is produced in PYFG deep-agar cultures. Acid, with a final pH of 5.0 to 5.2, is produced from glucose, mannose, fructose, galactose, sucrose, cellobiose, lactose, trehalose, mannitol, sorbitol, salicin, and amygdalin but not from arabinose, xylose, rhamnose, sorbose, ribose, maltose, melibiose, raffinose, melezitose, starch, glycogen, inulin, glycerol, erythritol, inositol, adonitol, dulcitol, and esculin. Esculin is hydrolyzed, but starch is not. Indole, lecithinase, lipase, and H,S are not produced; nitrate is not reduced. Beta-hemolytic.
Products of metabolism from PYFG broth include large amounts of acetic and butyric acids and small amounts of lactic, formic, and succinic acids.
Isolated from the feces of cattle and pigs. The guanine-plus-cytosine content of the DNA is 26 to 28 mol% (melting temperature).
The type strain is Catt39 (= ATCC 49213 and JCM 7506). The type strain has the characteristics described above except that galactose is fermented weakly (pH 5.5 to 5.9) and succinic acid usually is not detected.
The phenotypic characteristics differentiating C. intestinalis from other aerotolerant Cfostridium species having low guanine-plus-cytosine contents are shown in Table 2 .
